SUMMARY The Lown grading system for ventricular arrhythmias has been used in observational and experimental studies of ischaemic heart disease. This grading system uses three levels of ventricular premature depolarisation frequency and four complex features to assign patients to one of seven grades. We tested several of the major assumptions of the Lown grading system in a group of 400 patients who had recently experienced acute myocardial infarction. The Lown grading system assumes that the frequency of ventricular extrasystoles exerts a negligible risk force in patients who have complex ventricular extrasystoles. We found, however, that the frequency of ventricular extrasystoles contributed significant additional risk for cardiac death even in the three highest Lown grades, 4A, 4B, and 5. The Lown grading system assumes that, of the four complex features used, R on T ventricular extrasystoles have the greatest risk for subsequent cardiac death. We found that paired ventricular extrasystoles and ventricular tachycardia had more prognostic significance than R on T ventricular extrasystoles.
In 1971, Lown and Wolf proposed a grading system for ventricular arrhythmias encountered in ischaemic heart disease'; Lown and his colleagues have used the system up to the present time. The Lown grading system catalogues ventricular arrhythmias into seven ordered, mutually exclusive grades. Though Lown's 24-hour electrocardiographic recording may contain several complex features, the patient is assigned to the highest grade in the hierarchy. The hypothesis underlying this procedure is that patients in each grade in the hierarchy are at higher risk for subsequent cardiac death than those in lower grades. This grading system has been used for several small observational studies in ischaemnic heart disease. 2-4 In 1975, Lown et al. proposed an extension of the grading system, an "arrhythmia equation".5 The arrhythmia equation enumerates Received for publication 3 December 1980 the number of hours in each Lown grade and, in addition, provides some additional details about the arrhythmia in a 24-hour recording. 5 The arrhythmia equation has not been adapted for use in observational studies. Lown and Graboys, however, have suggested the arrhythmia equation as an ideal means of judging the results of experimental studies, for example with antiarrhythmic drugs.6
The Lown system uses two ventricular extrasystoles frequency partition values and four complex ventricular extrasystoles features to grade arrhythmias. Table 1 gives the definitions for the Lown grades. The system is mutually exclusive and hierarchical. Grades are assigned on the basis of the highest ranking characteristic. For example, if R on T is present, grade 5 is assigned regardless of ventricular extrasystoles frequency or other complex features. The three frequency categories (0, > 0 but <30, >30 ventricular extrasystoles per hour) and During the post-edit review, the cardiologist reviewed electrocardiographic strips of the 10 shortest RV, RV/RR, and RV/QT intervals and decided whether R on T was present. In addition, he calculated the minimum RV/QT from the computer generated electrocardiographic strips.
STATISTICAL METHODS
Differences between ventricular extrasystoles characteristics or Lown grades with respect to outcome were evaluated using the z statistic for proportions or the x2 statistic with the Yates correction.8 The critical value for declaring a difference was p <0 05. Sensitivity, specificity, false positive rate, and false negative rate were computed by standard methods.8
Results

HIERARCHY OF RISK
One of the assumptions of the Lown grading system is that an increasing gradient of mortality from low to high risk should exist through the hierarchy of Lown grades. Table 2 shows the number of deaths and the grade specific mortality rate for each Lown grade. The death rate does not steadily increase as a function of Lown arrhythmia grade. The mortality rates are approximately equal in the first five grades. The mortality rate is significantly higher in grades 4B and 5 than in the other five grades (x2=13X4, p<0X01). There was no Bigger Jr, Weld
In addition, the specificity increases as the partition value increases. A judgement about the best partition value depends to a great extent on the application of the test results.10 If the low risk group is to be excluded from treatment and followed less often than other patients, one per hour is the best of these criteria: a very small proportion of the patients who will die or have new coronary events will be excluded from treatment or follow-up using this criterion. For treatments that carry a significant chance of morbidity or mortality, 30 per hour is a good criterion on which to choose the treatment: only about 15 per cent of the population is exposed to the risk of treatment and these patients already have a high likelihood of dying. For treatments which have low to moderate risk of adverse effects, the three or 10 per hour criterion may give the best combination of sensitivity and specificity. Two additional points should be made about frequency of ventricular extrasystoles and the Lown grading system. First, the progressive rise in mortality rate with increasing ventricular extrasystoles suggests that the practice of using a single partition value of ventricular frequency to assign risk ignores much valuable information. Second, using Lown's grading system, frequency of ventricular extrasystoles will hardly ever be used to estimate the probability of risk when these extrasystoles are numerous. This latter fact stems from the very strong association between high frequency and complexity of ventricular extrasystoles in ischaemic heart disease patients and from the mutually exclusive Lown grades. In our population, 54 of the 56 patients (96%) who had 30 or more ventricular extrasystoles per hour (eligible for Lown grade 2) moved to higher Lown grades because they also had one or more complex ventricular extrasystoles features. The associations among frequency of ventricular extrasystoles and the four complex features used in the Lown grading system in our patients are shown in Fig. 2 extrasystoles frequency is exerting significant influence on mortality. In addition, we looked at the relations among frequency and complexity of ventricular extrasystoles and death in another way. Table 4 tests the hypothesis that frequency makes no significant contribution to risk in the presence of complex features. The high frequency criterion used is 10 per hour, a value that divides the population at the 75th centile. We tested whether or not high frequency of ventricular extrasystoles increased the probability of dying in persons who were in Lown grades determined by complex features, that is grades 3 to 5. There is no difference between the low and high groups with respect to mortality in grade 3. However, in Lown grades 4A, 4B, and 5, the persons who had 10 or more ventricular extrasystoles per hour had a significantly higher mortality than persons in the same grade who had less than 10 is composed of eight subgroups depending on the presence or absence of high frequency of ventricular extrasystoles, multiform ventricular extrasystoles, and pairs of ventricular extrasystoles. Grade 5 is composed of 16 subgroups depending on the presence or absence of high frequency ventricular extrasystoles, multiform ventricular extrasystoles, ventricular extrasystoles pairs, and ventricular tachycardia. Feinstein has pointed out that, for prognostic stratification, subgroups should not be aggregated unless they are homogeneous with respect to outcome.9 Therefore, we examined the homogeneity of the subgroups in grades 3 to 5 with respect to death during follow-up. Only grade 5 had enough patients in several subgroups to make such comparisons useful (see Table 5 ). Three of the possible subgroups in grade 5 did not occur in our sample. The death rate among grade 5 subgroups ranged from 0 to 75 per cent. Two a priori contrasts were made: (1) between those patients with only R on T ventricular extrasystoles and those with all complex ventricular extrasystoles features and (2) between those patients who had repetitive ventricular extrasystoles forms and those who did not. The 22 patients who had low ventricular extrasystoles frequency and no complex feature except the R on T phenomenon had a 9 per cent mortality, far below the overall 29 per cent death rate in grade 5. There were 17 patients who had high ventricular extrasystoles frequency and all complex features; the death rate in this group was 59 per cent. The difference between these two subgroups was highly significant (z=3 00, p <0-001 
Discussion
Although the mere presence of ventricular extrasystoles does effectively stratify risk, it lacks specificity." Lown believes that the ubiquity of ventricular extrasystoles militates against their use in identifying patients with ischaemic heart disease who are at high risk of death.' 5 He has suggested that certain ventricular extrasystoles characteristics are harbingers of sudden death.' 5 The Lown grading system for ventricular arrhythmias embodies this hypothesis into a hierarchy of features that can be used to partition patients with ischaemic heart disease into grades of ever increasing risk of cardiac death.' 6 Our data indicate that Lown's fundamental hypothesis is correct, that is frequency and the four ventricular extrasystoles characteristics used in the Lown grading system can stratify the risk of patients with ischaemic heart disease. Our study suggests, however, that the Lown method ofgrading ventricular arrhythmias has several flaws when used for prognostic stratification in patients with ischaemic heart disease. Failures of the Lown grading system to predict outcome in ischaemic heart disease stem from its hierarchial and mutally exclusive use of ventricular extrasystoles features. The Lown grading system underuses information about frequency of ventricular extrasystoles. Only one partition value ( > 30 per hour) is used for patients who have ventricular extrasystoles. Our data show an increase in likelihood of death as ventricular extrasystoles frequency increases (see Fig. 1 ). In addition, the Lown grading system does not use ventricular extrasystoles frequency in risk stratification in the presence of complex ventricular extrasystoles features. This practice results from the assumption that the risk force of ventricular extrasystoles frequency is negligible in the presence ofcomplexventricular extrasystoles, that is that complex ventricular extrasystoles are more potent risk factors. In our study, this assumption was proved false. In Lown grades 4 to 5, the additional use of ventricular extrasystole frequency significantly improved the risk stratification. Further, the hierarchy of complex features is flawed. Grade 5 should have the highest risk but the mortality rate in grade 5 is not significantly different from that in grades 4A or 4B.
Another flaw in the higher Lown grades is the heterogeneity of outcome among the subgroups that make up a grade. This inadequacy was particularly striking in grade 5 where very high and very low risk subgroups can be identified. The patients in grade 5 with low ventricular extrasystoles frequency and no complex feature except R on T have a very low mortality rate (9%) whereas those with a high frequency and all complex features have a very high mortality rate (59%). The admixture of low and high risk subgroups into a single "high risk" grade has the potential for causing harm to low risk patients in intervention trials. Low risk patients could inadvertently and unnecessarily be exposed to treatments which carry significant potential for adverse effects. In addition, misclassification of very low risk patients into "high risk" groups can increase the costs of intervention trials. Larger sample sizes will be needed to compensate for higher misclassification rates. 8 The best predictors of death in our study were ventricular extrasystoles frequency and repetitive ones, that is either paired ventricular extrasystoles or ventricular tachycardia. Lown also has been impressed with the prognostic significance of repetitive ventricular extrasystoles.5 6 Our analysis indicates that their frequency and the repetitive forms can be used together to identify the ischaemic heart disease groups with very high risk of subsequent death. Our study also suggests the hypothesis that significant reduction in frequency of ventricular extrasystoles and, particularly, in repetitive ventricular extrasystoles would reduce the incidence of subsequent cardiac death. This hypothesis may or may not be true, but it is both important and straightforward to test. There are several trial designs that could be used to test this hypothesis; a full discussion of these is beyond the scope of this communication. 
